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Abstract. Glass ceramic materials are widely used in dental application because of their strong
similarity with natural teeth. In this study LAS glass ceramic/glass materials were prepared by
glazing processing and characterized in terms of mechanical flexural strength. The selected glass
ceramic support derives from an industrial process. Different glasses were applied to the glass
ceramic support in order to investigate firstly their effect on the glass ceramic/glass interface and
secondly how these structural changes are correlated to the flexural strength property. Different
thermal cycles were applied to the glass ceramic in order to promote the increasing of mechanical
flexural strength. Preliminary results clearly points out that the application of a glass on the support
leads to the decrease of the flexural strength if compared to the materials without any coating
applied. 
Introduction
Lithium disilicate glass ceramic (Li2Si2O5) is one of the main ceramic system currently used in
the fabrication of dental restorations as dental crowns and bridges, because of its features similar to
natural teeth and its excellent mechanical properties [1]. Considering a typical lithium disilicate
glass ceramic formulation, P2O5 acts as a heterogeneous nucleating agent that promotes volume
nucleation of the lithium silicate phases [2], whereas Al2O3 a n d K2O improve the chemical
durability [3,4]. Finally, coloration is achieved by addition of metal oxides directly to the raw
powder that is later dissolved in the glassy matrix, such metal ions are V3+ (yellow), Ce4+ (yellow)
[2]. 
Lithium disilicate glass ceramics are obtained from a parent glass through heating treatments,
during which crystallization occurs. The typical mechanism of crystallization is a three-stage
volume crystallization where the crystals nucleate and grow throughout the glass [2]. Beyond
several studies [5,6] about lithium disilicate glass ceramics properties in function of different
heating treatments and different parent glass composition, in this study the effect of a glazing
application will be conducted.
In particular this study can be divided in two parts; in the first several glass formulations have
been applied on to the same glass ceramic support in order to investigate the role of the glass
formulation on the properties of the final material. Secondly, the most performing glass formulation
has been chosen and applied to several glass ceramic support, obtained with different heating
treatment, to observe any changes in the glass ceramic microstructure and in the mechanical flexural
strength.
Materials and Methods
Glass preparation
Glass compositions have been planned using the DoE (Mixture Design) approach, three oxides
were fixed and other 6 were varied following the ranges in Table1. The Mixture Design was based
on 28 formulations. Each formulation has been melt in a Pt-Crucible at 1500°C and then quenched
in water to obtain the frit to be applied. Each frit has been milled for 20 minutes in a lab mill of
agate, and then mixed with a solution of distilled water and glycol to obtain the suitable slurry to be
applied on the glass ceramic surface. The prepared slurries were manually applied on the glass
ceramic support, by the same operator and through an appropriate brush. 
        Table 1. Glass composition
Oxides SiO2 Al2O3 CeO2 K2O Na2O Li20 CaO B2O3 CaF2
(Mol%) 68.90 3.28 0.28 0-4 0-4 0-2 0-4 6-10 4-8
Heat treatments
The heat treatment of applied glaze has been always the same, the maximum temperature
reached 800°C for 3 min with a rate of 10°C/min during heating. The cooling was performed in the
furnace to avoid any stress of the glass coating due to temperature. 
The heating treatments done on the parent glass has been planned with a DoE approach. The
heating treatment from the parent glass to the glass ceramic has 3 stages: nucleation at 540°C, grow
at 660°C and final grow at 830°C. The rate temperature has been fixed at 10°C/min. In the DoE
plan the time of stay at the maximum temperature for each stage has been tuned, as shown in Table
2. Each heating cycle has been conducted with and without glazing and heating treatment, heating
cycle N°2 has been repeated twice following the DoE plan. A total of 20 heating treatments were
conducted.
      Table 2. Glass ceramic heating treatments
N° Heating treatment 1 2 3 4 5 6 7 8 9
Nucleation Time (min) 600 375 150 150 600 600 600 150 150
Grow Time (min) 60 37.5 60 15 60 15 15 15 60
Final Grow Time (min) 15 67.5 120 120 120 120 15 15 15
Scanning electron microscopy
The microstructure of several of the glass ceramic/glass system obtained has been characterized
in terms of microstructure through field emission gun - scanning electron microscopy (FEG-SEM
JEM 2010, Jeol-Oxford Instrument) and environmental scanning electron microscopy (ESEM
Quanta-200, Fei Company-Oxford Instrument).
Mechanical properties testing
The mechanical flexural strength was measured with a 3-points test through the instrument
INSTRON 5567. The force applied for this test was 30 kN. Each test was performed on a bar
(4x4x40 mm3) of the LAS glass ceramic, where glaze was applied only on the top of one of the
larger surfaces of the bar. In order to achieve a good statistic, 6 specimens were measured for each
different sample reported in the DoE plan. 
Results and Discussion
Design of experiment
The mixture design plan for the glass formulation shows that the mechanical strength behavior
cannot be directly correlated to the glass composition, because of a strong clusterization of the data,
as shown in Fig 1a. The DoE plan about the glass ceramic heating treatments suggests that only the
interaction between nucleation time, grow time and final grow time affect the mechanical flexural
strength. In particular for the un-glazed samples, if nucleation time is at the higher level, changing
grow time from the low to the maximum value will affect the flexural strength on the contrary, if
nucleation time is at the minimum level. For the glazed samples, if grow final time is at the lower
level the more significant effect on the flexural strength is detected when nucleation time is at the
minimum level (Fig 1b), whereas if grow final time is at the higher level significant changes are
visible changing both nucleation time and grow time, as seen in Fig 1c .
             
Fig. 1. (a) Normal plot of residuals of the glass mixture design plan (b) Contourn plot of the
variation of flexural strength when final time = 15 min (c) Contourn plot of the variation of flexural
strength when final time = 120 min
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     SEM-FEG 
   The experimental characterization of the microstructures of the LAS glass-ceramic shows the
presence of smaller crystals of both Lithium Silicate and Lithium Aluminum Silicate in the treated
(glazed and heated) samples with respect to the untreated one. Moreover when the glaze is applied,
several cerium oxides crystals were found at the interface between glass-ceramic support and glaze,
as shown in Fig 2. Final data clearly suggest a strong effect on the decreasing of flexural strength by
the glazing heating cycle, with respect to the compositional effect.A deeper study of the interface
between glass coating and support, in terms of microstructure and mineralogical analyses (XRD)
will be conducted.
Fig. 2. SEM-FEG Image of the glass / glass-ceramic interface
Conclusions
A cerium oxide layer was observed at the interface between the glass and the glass ceramic support.
This layer was probably the main cause of the mechanical flexural strength decreasing. The
preliminary study showed that changing the glass formulation was not effective in order to improve
the mechanical properties because of the interaction of the interface below the glass. The flexural
strength can be increased changing the heating process, but the application of a glass still remains
an uncontrolled variable. 
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